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(57) ABSTRACT 

A thermoplastic resin composition, containing a thermoplas- 
tic resin, comprising at least one aromatic polycarbonate 
resin, and a Hume-retarding, amount of an organophosphorus 
llame relardant compound, wherein any acids initially 
present in the compound and any acid -gene rating impurities 
initially present in the compound do not exceed a level at 
which the combined amount of any such acids and any acids 
that may be generated under hydro lytic conditions from any 
such acid generating impurities is equivalent to a tit rat able 
acid level of less than about 1.0 milligram of potassium 
hydroxide per gram of the organophosphorus compound. 
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VXAMK RKTAR1MNT CARBONATE POLYMER 
COMPOSITION WITH IMPROVED HYDROLYTIC 
STABILITY 

FIELD Ob" THE INVENTION 

[0001] This invention relates to ;i llamc retardant polymer 
composition having improved hyctrolylic stability. 

BACKGROUND OF THE INVEN TION 

[0002] The use of organophosphorus llamc rclarclants for 
imparting tire -retarding properties to thermoplastic resins is 
known. For example, U.S. Pal. No. 5,204,394 discloses 
thermoplastic resin compositions that contain an aromatic 
polycarbonate resin, a styrene-containing graft copolymer 
and an oligomeric organophosphorus (lame retardant. 

[0003] A thermoplastic resin composition that exhibits 
good tlame retardant properties and that maintains an overall 
balance of physical properties under hydrolytic conditions is 
desired. 

SUMMARY OF THE INVENTION 

[0004] In a first embodiment, the present invention is 
directed to a thermoplastic resin composition, comprising: 

[0005] (a) one or more thermoplastic resins, compris- 
ing at least one aromatic carbonate resin, and 

[0006] (b) a flame-retarding amount of an organo- 
phosphorus flame retardant compound, wherein any 
acids initially present in the compound and any 
acid-generating impurities initially present in the 
compound do not exceed a level at which the com- 
bined amount of any such acids and any acids that 
may be generated under hydrolytic conditions from 
any such acid generating impurities is equivalent to 
a titratable acid level of less than about 1.0 milligram 
of potassium hydroxide per gram of the organophos- 
phorus compound. 

[0007] In a second embodiment, the present invention is 
directed to a process for making a (lame retardant the mo- 
plastic resin composition, comprising combining a thermo- 
plastic resin, said resin comprising at least on aromatic 
polycarbonate resin, and a 11 a me -re larding amount of a 
organophosphorus flame retardant compound as described 
above. 

[0008] As used herein, the terminology "hydrolytic con- 
ditions" means conditions that favor hydrolysis of any acids 
and any acid generating impurities present and the termi- 
nology "equivalent" means chemically equivalent in the 
sense of being neutralized by the same number of molar 
equivalents of KOH. Hydrolytic conditions include those 
wherein the composition of the present invention is exposed 
to moisture, typically, in the form of ambient elevated 
humidity, such as for example, a relative humidity of greater 
than about 50%. Hydrolytic conditions become more severe 
with increasing temperature and humidity and the hydrolytic 
stability of the composition of the present invention may be 
predicted on the basis of accelerated aging tests conducted 
at elevated heat and humidity, such as, for example, 100° C. 
and 100% relative humidity. 

[0009] The composition of the present invention exhibits 
improved hydrolytic stability. As used herein, the terminol- 



ogy "hydrolytic stability" means a tendency of the compo- 
sition not to undergo a change in molecular weight of the 
thermoplastic resin components of (he composition, particu- 
larly the polycarbonate resin, when the resin composition is 
exposed to hydrolytic conditions. 

DETAILED DESCRIP TION OF THE 
INVENTION 

[0010] In a preferred embodiment, the composition of the 
present invention comprises from 75 to 98 parts by weight 
("pbw"), more preferably from 80 to 95 pbw and even more 
preferably from 85 to 92 pbw, of the thermoplastic resin, 
from 2 to 25 pbw, more preferably from 5 to 20 pbw and 
even more preferably from 8 to 15 pbw, of the organophos- 
phorus compound, each based on 100 pbw of the combined 
amount of thermoplastic resin and organophosphorus coin- 
pound. 

[0011] Suitable aromatic carbonate resins include aro- 
matic polycarbonate resins and aromatic copolyesler-car- 
bonate resins. 

[0012] Aromatic polycarbonate resins are known com- 
pounds and the properties and methods of making polycar- 
bonate resins are also known. Typically these are prepared 
by reacting a dihydric phenol with a carbonate precursor, 
such as phosgene, a haloformate or a carbonate ester and 
generally in the presence of an acid acceptor and a molecular 
weight regulator. Generally speaking, such carbonate poly- 
mers may be typilicd as possessing recurring structural units 
of the formula (I): 



— o — a — o — c 



[0013] wherein A is a divalent aromatic radical of the 
dihydric phenol employed in the polymer reaction. The 
dihydric phenol which may be employed to provide such 
aromatic carbonate polymers are mononuclear or poly- 
nuclear aromatic compounds, containing as functional 
groups two hydroxy radicals, each of which maybe attached 
directly to a carbon atom of an aromatic nucleus. Typical 
dihydric phenols are: 2,2-bis(4-hydroxyphenyl)propane; 
hydroquinone; resorcinol; 2,2-bis(4-hydroxyphenyl)pen- 
lane; 2,4'-(dihydroxydiphenyl)methane; bis( 2 -hydroxy phe- 
nyl)methane; bis(4-hydroxyphenyl)methane; 1 ,1 -bis(4-hy- 
droxyphenyl)-3,3,5-trimelhylcyclohexane; fluorenone 
bisphenol, I,I-bis(4-hydroxyphenyl)ethane; 3,3-bis(4-hy- 
dfOxyphcnyOpcnlanc; 2,2'-dihydroxydiphcnyl; 2,6-dihy- 
droxynaphthalene; bis(4-hydroxydiphenyl)sulfone; his(3,5- 
diethyl-4-hydroxyphenyl)sulfone; 2,2-bis(3,5-dibromo-4- 
hydroxyphenyOpropane; 2,2-bis(3,5-dimcthy-4- 
h yd ro x y p h e n y 1 )p rop a n e ; 2 ,4' -d i h y d ro xy d i p h e n y 1 su I f o ne ; 
5 f -chloro-2,4'-dihydroxydiphenyl sulfone; 4,4 f -dihydroxy- 
diphenyl ether; 4,4'-dihydroxy-3,3'-dichlorodiphenyl ether, 
spiro biindane bis phenol, and the like. 

[0014] These aromatic polycarbonates can be manufac- 
tured by known processes, such as, for example and as 
mentioned above, by reacting a dihydric phenol with a 
carbonate precursor, Mich as phosgene, in accordance with 
methods set forth in the literature including the melt poly- 
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mori z;ilion process, Generally in I he melt polymerization 
process, a di phenyl carbonate is reacted with a bispheuol. 

[0015] The carbonate precursor employed in preparing the 
polycarbonate of this invention can be either carbonyl halide 
or a haloformate. Hie carbonyl halides which can be 
employed herein are, for example carbonyl bromide, carbo- 
nyl chloride, etc.; or mixtures thereof. The haloformates 
suitable for use herein include bishaloformates of dihydric 
phenols (bischloro formates of bis phenol A, hydroquinone, 
etc.) or glycols (bishaloformates of ethylene glycol, ncopen- 
lyl glycol, polyethylene glycol, etc.). While oilier carbonate 
precursors will occur to those skilled in the art, carbonyl 
chloride, also known as phosgene is preferred. 

[0016] The reaction disclosed above is preferably known 
as an interfaciat reaction between the dihydric compound 
and a carbonyl chloride such as phosgene. Another process 
for preparing the aromatic polycarbonate employed in this 
invention is the Iransesterilicalion process which involves 
the transesterilication of an aromatic di hydroxy compound 
and a diester carbonate. This process is known as the melt 
polymerization process. In the practice of this invention, the 
process of producing the aromatic polycarbonate is not 
critical. As used herein, aromatic carbonate polymer shall 
mean and include any of the aromatic polycarbonates, 
blends thereof with other polymer, copolymers thereof, 
copolyester carbonates, and mixtures thereof. 

[0017] It is also possible to employ two or more different 
dihydric phenols or a copolymer of a dihydric phenol with 
a glycol or with a hydroxy- or acid-terminated polyester or 
with a dibasic acid or hydroxy acid in the event a carbonate 
copolymer or interpolymer rather than a homopolymer is 
desired for use in the preparation of the polycarbonate 
mixtures of the invention. Polyarylates and polyester-car- 
bonate resins or their blends can also be employed. 
Branched polycarbonates are also useful and are well dis- 
closed in the literature. Also, blends of linear polycarbonate 
and a branched polycarbonate can be utilized herein. More- 
over, blends of any of the above materials may be employed 
in the practice of this invention to provide the aromatic 
polycarbonate component of the carbonate polymer compo- 
sition. 

[(Ml 18] In any event, the preferred aromatic polycarbonate 
for use in the practice in the present invention is a 
homopolymer, for example, a homopolymer derived from 
2,2-bis(4-hydroxyphcnyl)propane (bisphenol-A) and phos- 
gene, commercially available. 

[0019] The aromatic carbonate polymers also suitable for 
use in this invention include polyester-carbonates, also 
known as copolyester-polycarbonates, that is, resins which 
contain, in addition to recurring polycarbonate chain units of 
the formula (II): 



(II) 

o 

ii 



[0020] wherein 0 is a divalent aromatic radical of the 
dihydric phenol employed in the polymerization reaction, 
repeating or recurring carboxylate units, fur example of the 
formula (III): 



(tlh 

o o 

ii ii 
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[0021] wherein D is a defined above and T is an aromatic- 
radical such as phenylene, naphthylene, biphcnylenc, sub- 
stituted phenylene and the like; a divalent aliphatic-aromatic 
hydrocarbon radical such as an atkaryl or alkaryl radical; or 
two or more aromatic gamps connected thro ugh such aro- 
matic linkages which are known in the art. 

[0022] The copolyester-polycarbonate resins are also pre- 
pared by interfacial polymerization technique, well known 
to those skilled in the art (see for example U.S. Pat. Nos. 
3,169,121 and 4,487,896). 

[0023] In general, any dicarboxylic acid conventionally 
used in the preparation of linear poly esters may be utilized 
in the preparation of the copolyester carbonate resins of the 
instant invention. Generally, the dicarboxylic acids which 
may be utilized include the aliphatic dicarboxylic acids, the 
aromatic dicarboxylic acids, and the aliphatic-aromatic 
dicarboxylic acids. These acids arc well known and arc 
disclosed for example in U.S. Pat. No. 3,169,121 which is 
hereby incorporated herein by reference. Mixtures of dicar- 
boxylic acids may be employed. Therefore, where the term 
dicarboxylic acid is used herein it is to be understood that 
this term includes mixtures of two or more dicarboxylic 
acids. 

[0024] Most preferred as aromatic dicarboxylic acids are 
isophthalic acid, terephthalic acids, and mixtures thereof. A 
particularly useful di functional carboxylic acid comprises a 
mixture of isophthalic acid and terephthalic acid wherein the 
weight ratio of terephthalic acid to isophthalic-acid is in the 
range of from about 10:1 to about 0.2:9:8. 

[0025] Rather than utilizing the dicarboxylic acid per sc, it 
is possible, and sometimes even preferred, to employ the 
reactive derivatives of said acid. Illustrative of these reactive 
derivatives are the acid halides. The preferred acid halides 
are the acid dichlorides and the acid dibromides. Thus, for 
example instead of using isophthalic acid, terephthalic acid 
or mixtures thereof, it is possible to employ isophthabyl 
diehloride, terephthaloyl dichloride, and mixtures thereof. 

[0026] The aromatic polycarbonate resins may be linear or 
branched and, generally, will have a weight average molecu- 
lar weight of from about 10,000 to about 200,000 grams per 
mole ("g/mor), preferably from about 20,000 to about 
100,000 g/mol, as measured by gel permeation chromatog- 
raphy. Such resins typically exhibit an intrinsic viscosity, as 
determined in chloroform at 25° C. of from about 0.3 to 
about 1.5 deciliters per gram (dl/gm), preferably from about 
0.45 to about 1.0 dl/gm. 

[0027] The branched polycarbonates may be prepared by 
adding a branching agent during polymerization. These 
branching agents are well known and may comprise poly- 
functional organic compounds containing at least three 
functional groups which may be hydroxy!, carboxyl, car- 
boxylic anhydride, haloformyl and mixtures thereof. Spe- 
cific examples include trimellitic acid, trimellitic anhydride, 
trimellitic trichloride, tris-p-hydroxy phenyl ethane, isatin- 
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bis-phenol, iris-phenol TO ( 1 ,3 ,5-1 ris((p-hydroxy phenyl )iso- 
propyl)hcnzeiie), (ris-phcuol PA (-l(4( l,l-bis(|vhydroxyphe- 
uvl)-clhyl)alpha, alpha-dimethyl benzvl)phenol), 
4-chiloroformyl phthalie anhydride, trimcsie acid and ben- 
zophenono telracarboxylic acid. The branching agent may 
be added at a level of about 0.05-2.0 weight percent. 

[0028] All types of polycarbonates end groups are con- 
templated as being within the scope of the present invention 
with respect to the polycarbonate component of a carbonate 
polymer composition. 

[1*029] The thermoplastic resin component of the compo- 
sition of the present invention may, optionally, further com- 
prise one or more other thermoplastic resins in addition to 
the aromatic carbonate resin, such as, for example, polyphe- 
ny lene ether resins, vinyl aromatic graft copolymers resins, 
slyrenic resins, polyester resins, poly amide resins, polyes- 
teramide resins, polysulfone resins, polyimide resins, poly- 
etherimide resins. 

[0030] In a preferred embodiment, the composition of the 
present invention comprises an aromatic polycarbonate resin 
and a vinyl aromatic graft copolymer. 

[0031] In a preferred embodiment, the thermoplastic resin 
component of the composition of the present invention 
comprises, based on 100 pbw of the thermoplastic resin 
component, from 30 to 99 pbw, more preferably from 50 to 
95 pbw, still more preferably from 60 to 90 pbw of an 
aromatic polycarbonate resin and from 1 to 70 pbw, more 
preferably from 50 to 95 pbw, still more preferably from 10 
lo 40 pbw of a vinyl aromatic graft copolymer. 

[0032] Suitable vinyl aromatic graft copolymers comprise 
(i) a rubber modified monovinylidene aromatic graft copoly- 
mer component and (ii) an ungrafted rigid copolymer com- 
ponent, and are generally prepared by graft polymerization 
of a mixture of a monovinylidene aromatic monomer and 
one or more comonomers in the presence of one or more 
rubbery polymeric substrates. Depending on the amount of 
rubber present, a separate matrix or continuous rigid phase 
of ungrafted rigid ( copolymer may be simultaneously 
obtained along with the rubber modified monovinylidene 
aromatic graft polymer. The resins may also be produced by 
blending a rigid monovinylidene aromatic copolymer with 
one or more rubber modified monovinylidene aromatic graft 
copolymers. Typically, the rubber modified resins comprise 
the rubber modified graft copolymer at a level of from 5 to 
100 percent by weight ("wt %") based on the total weight of 
the resin, pre fera lily from 10 lo 90 wt % thereof, and more 
preferably 30 to SO wl % thereof. The rubber modified resin 
comprises the ungrafted rigid polymer at a level of from 95 
to 0 wt % based on the total weight of the resin, preferably 
from 90 to 10 wt % thereof, and more preferably from 70 to 
20 wt % thereof. 

[0033] Monovinylidene aromatic monomers which may 
be employed include styrene, u-methyl siyrene, halosly- 
renes, that is, dibromoslyrene, mono or di alky], alkoxy or 
hydroxy substitute groups on the nuclear ring of the monovi- 
nylidene aromatic monomer, that is, vinyl toluene, vinylxy- 
lene, butylstyrene, parahydroxystyrene or methoxystyrene 
or mixtures thereof. ITic monovinylidene aromatic mono- 
mers utilized are gencrieally described by the following 
formula (IV): 



(IV) 




[0034] wherein each R, is independently II, (C r C (1 )alkyl, 
cycloalkyl, aryl, alkaryl, aralkyl, alkoxy. aryloxy, or halo, 
such as, for example, such as bromine and chlorine, and R 2 
is selected from the group consisting of H, (C\-C 0 )alkyl and 
halo. As used herein, the notation "(C x -C y )" in reference lo 
an organic moiety means that the organic moiety contains 
from x carbons to y carbons. Examples of substituted 
vinyl aromatic compounds include styrene, 4-methylstyrene, 
3,5-diethylstyrene, 4-n-propylstyrene, a-methylstyrene, 
a-mcthyl vinyltoluene, a-chlorostyrcne, a-bromostyrcne, 
dichlorostyrene, dibromostyrene, tetrachtoroslyrene, mix- 
lures thereof and the like. The preferred monovinylidene 
aromatic monomers used are styrene and/or a-methylsty- 
rene. 

[0035] Comonomers which may be used with the monovi- 
nylidene aromatic monomer includes aery Ion it rile, meth- 
acrylonitrile, (C 1 -C K )alkyl or aryl substituted aery late, (C,- 
C H )alkyl, aryl or haloaryl substituted methacrylate, acrylic 
acid, methacrylie acid, itaconic acid, acrylamide, N-substi- 
luled acrylamide or me th acrylamide, maleic anhydride, 
maleimidde, N -a Iky I, aryl or haloaryl substituted maleimide, 
glycidyl (meth)acrylates, hydroxy alkyl (meth)acrylates or 
mixtures thereof. The acrylonitrile, substituted acrylonitrile, 
or acrylic acid esters are described generically by the fol- 
lowing formula (V): 



(V) 

I 

H 2 C=C — R, 



[0036] wherein R 3 is H or C r C„)alkyl and R 4 is selected 
from the group consisting of cyano and (Q- 
Q)alkoxycarbonyl. Examples of such monomers include 
acrylonitrile, cthacrylonitrilc, mcthacrylonitrilc, a-chloro- 
aerylonitrile, a-bromoacrylonitrile, methyl acrylate, methyl 
methacrylate, ethyl acrylate, butyl acrylate, propyl acrylate, 
isopropyl acrylate and mixtures thereof. The preferred 
monomer is acrylonitrile and the preferred acrylic acid esters 
are ethyl acrylate and methyl methacrylate. It is also pre- 
ferred that the acrylic acid esters, when included, are 
employed in combination with styrene or acrylonitrile. 

[0037] The rubber modified graft copolymer preferably 
comprises (i) the rubber substrate, and (ii) a rigid polymeric 
superstate portion grafted to the rubber substrate. The 
rubber substrate is preferably present in the graft copolymer 
at a level of from 5 to SO wt % based on the total weight of 
the graft copolymer, more preferably from 10 to 70 wt % 
thereof. 'Hie rigid superstate is preferably present at a level 
of from 95 to 20 wt % based on the total weight of the graft 
copolymer, and more preferably from 90 to 30 wt % thereof. 
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[0038] Examples of rubbery polymers for the substrate 
include: conjugated dienes, copolymers of a diene with 
styrene. acrylonitrile, methacrylonitrile or (C,-(' s )alkyl 
acrylate which contain at least 50% (preferably at least 65% 
by weight) conjugated dienes, polyisoprene or mixtures 
i hereof; olefin rubbers, that is, ethylene propylene copoly- 
mers (EVR) or ethylene propylene non -conjugated diene 
copolymers (L- PI) M); silicone rubbers; or (C 1 -C s )alkyl acry- 
late homopolymcrs or copolymers with butadiene and/or 
styrene. The acrylic polymer may also contain up to 5%. of 
one or more poly fa net ional crosslinking agents such as 
alkylenediol di(mcth)acrylates, alkylenelriol tri (mcth)acry- 
lates, polyester cli(meth)acrylates, divinylbenzene, trivinyl- 
benzene, butadiene, isoprene and optionally gra liable mono- 
mers such as, triallyl cyan urate, triallyl isoeyan urate, aJlyl 
(meth)acrylate, diallyl maleale, diallyl fumarate, diallyl adi- 
pate, triallyl esters of citric acid or mixtures of these agents. 

[0039] The diene rubbers may preferably be polybutadi- 
ene, polyisoprene and copolymers of butadiene with up to 
35% by weight of (C r C b )a Iky lacry late which are produced 
by aqueous radical emulsion polymerization. The acrylate 
rubbers may be cross-linked, particulate emulsion copoly- 
mers substantially of (C,-C 8 )alky lacry late, in particular (C r 
Q)alkyl acrylate, optionally in admixture with up to 15% by 
weight of comonomers such as styrene, methyl met hacry late, 
butadiene, vinyl methyl ether or acrylonitrile and optionally 
up to 5% by weight of a poly functional crosslinking 
eomonomcr, for example, divinylbenzene, glyeolbis-acry- 
latcs, bisa cry lam ides, phosphoric acid triallylestcr, citric 
acid tri ally l-ester, allylesters or acrylic acid or methacrylic 
acid, trial lylcyanu rate, triallylisocyanurate. Also suitable are 
mixtures of diene- and alkylacrylate rubbers and rubbers 
which have a so-called core/shell structure, for example, a 
core of diene rubber and a shell of acrylate or vice versa. 

[0040] Specific conjugated diene monomers normally uti- 
lized in preparing the rubber substrate of the graft polymer 
are generically described by the following formula (VI): 

(vi) 

Rs Rs 
\ / 

C— CH — CH=C 
/ \ 

Rs Rs 

[0041] wherein each R 5 is independently II, (CpQJalkyl, 
chlorine or bromine. Examples of dienes that may be used 
are butadiene, isoprene. 1,3-heptadiene, methyl- 1,3-penta- 
diene, 2,3-dimethyibutadiene, 2-ethyl-l ,3-pentadiene 1,3- 
and 2,4-hexadienes, chloro and bromo substituted buta- 
dienes such as dichlorobutadiene, bromobutadiene, dibro- 
mohutadiene, mixtures thereof, and the like. A pre I erred 
conjugated diene is 1,3 butadiene. 

[0042] Hie substrate polymer, as mentioned, is preferably 
a conjugated diene polymer such as j>olybuiadiene 7 polyiso- 
prene, or a copolymer, such as buladiene-.styrene, butadiene- 
acrylonitrile, or the like. The rubbery polymeric substrate 
portion must exhibit a glass transition temperature (Tg) of 
less than aboulO 0 O. 

[0043] Mixtures of one or inure rubbery polymers previ- 
ously described for preparing the monovinylidene aroma lie- 
graft polymers, or mixtures of one or more rubber modified 



monovinylidcne aromatic graft polymers disclosed herein 
may also Ix: employed. Furthermore, the rubber may com- 
prise either a block or random copolymer. The rubber 
particle size used in this invention as measured by simple 
light transmission methods or capillary hydrodynauiic chro- 
matography (CI IDF) may be described as having an average 
particle size by weight of 0.05 to 1 .2 microns, preferably 0.2 
to 0.8 microns, for emulsion based polymerized rubber 
latiecs or 0.5 to 10 microns, preferably 0.6 to 1.5 microns, 
for mass polymerized rubber substrates which also have 
included grafted monomer occulsions. The rubber substrate 
is preferably a particulate, moderately cross-linked diene or 
alkyl acrylate rubber, and preferably has a gel content 
greater than 70%. 

[0044] Preferred graft superstates include copolymers of 
styrene and acrylonitrile, copolymers of u-methylstyrene 
and acrylonitrile and methylmethacrylate polymers or 
copolymers with up to 50% by weight of (C 2 - 
C 0 )alkylaerylates, acrylonitrile or styrene. Specific 
examples of monovinylidcne aromatic graft copolymers 
include but are not limited to the following: aerylonitrile- 
butadiene-styrene (ABS), acrylonitrile-styrene-butyl acry- 
late (ASA), melhylmethacrylate-acrylonilrile-buladiene sty- 
rene (MABS), acrylonitrile-ethylene-propylene-non- 
conju gated diene-styrene (AES). 

[0045] The ungrafted rigid polymers (typically free of 
rubber) are resinous, thermoplastic polymers of styrene, 
a-methylstyrene, styrenes substituted in the nucleus such as 
para-methylstyrene, methyl acrylate, methylmethacrylate, 
acrylonitrile, methacrylonitrile, maleic acid anhydride, 
N-substituted maleimide, vinyl acetate or mixtures thereof. 
Styrene/acrylonitrile copolymers, a-methylstyrene/acry- 
lonitrilc copolymers and mclhymcthacrylatc/acrylonitrilc 
copolymers arc preferred. 

[0046] The ungrafted rigid copolymers are known and 
may be prepared by radical polymerization, in particular by 
emulsion, suspension, solution or bulk polymerization. They 
preferably have number average molecular weights of from 
20,000 to 200,000 g/mol and limiting viscosity numbers [r|] 
of from 20 to 110 ml/g (determined in dimcthylformamidc 
at 25° C). 

[0047] The number average molecular weight of the 
grafted rigid superstate of the monovinylidene aroma tic- 
resin is designed to be in the range of 20,000 to 350,000 
£/mol. The ratio of monovinylidene aromatic monomer to 
the second and optionally third monomer may is range from 
90/10 to 50/50 preferably 80/20 to 60/40. The third mono- 
mer may optional replace 0 to 50 percent of one or both of 
the first and second monomers. 

[0048] These rubber modified monovinylidene aromatic- 
graft polymers may be polymerized either by mass, emul- 
sion, suspension, solution or combined processes such as 
bulk-suspension, emulsion-bulk, bu Ik-solution or other tech- 
niques well known in the art. Furthermore, these rubber 
modified monovinylidene aromatic graft copolymers may be 
produced either by continuous, semibatch or batch pro- 
cesses. 

[0049] In a preferred embodiment, the organophosphorus 
compound comprises one or more compounds according to 
the structural formula (VII): 
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[0050] wherein l< 0 , R 7 , R h . and R 0 art; each independently 
aryl, optionally suhsti lined with halo or (C,-C7 t ,)alkyl, 

[0051] X is arylene, optionally subsiituled with halo 
or (C.-QJalkyl, 

[0052] a, b, c and d arc each independently 0 or 1 , and 

[0053] n is an integer from 0 to 5, more preferably 
from 1 to 5. 

[0054] As used herein, the term "aryl" means a monova- 
lent radical containing one or more aromatic rings per 
radical, which may optionally be substituted on I he one or 
more aromatic rings with one or more alkyl groups, each 
preferably (C r C rt )alkyl and which, in the case wherein the 
radical contains two or more rings, may be fused rings. 

[0055] As used herein, the term "arylene" means a diva- 
lent radical containing one or more aromatic rings per 
radical, which may optionally be substituted on the one or 
more aromatic rings with one or more alkyl groups, each 
preferably (CVCJalkyl and which, in I he case wherein the 
divalent radical contains two or more rings, the rings may be 
may be fused or may be joined by a non-aromatic linkages, 
such as for example, an alkylene, alkylidene, any of which 
may be substituted at one or more sites on the aromatic ring 
with a halo group or (C r C 6 ) alkyl group. 

[0056] In a preferred embodiment, the organophosphorus 
compound comprises a blend of organophosphorus com- 
pound oligomers according to formula (8), wherein n for 
each oligomer is an integer of from ! to 5 and the blend has 
an average n value of greater than 1 to less than 5, more 
preferably greater than 1 to less than 3, even more prefer- 
ably, greater than 1 to less than 2. 

[M57] In highly preferred embodiment, the organophos- 
phorus compound comprises one or more resorcinol diphos- 
phate ("RDP") esters according to formula (8), wherein R ri , 
R 7 , R 8 and R 9 arc each phenyl, a, b, c and d arc each 1, X 
is 1,3-phenylene and n is an integer from I to 5. 

[1M)5K] More preferably, the organophosphorus compound 
comprises a blend of RDP oligomers, wherein n lor each 
oligomer is an integer of from 1 to 5 and the blend has an 
average n value of greater than I to less than 5, more 
preferably from greater than 1 to less than 3, even more 
preferably, from greater than 1 to less than 2. 

[0059] In a more highly preferred embodiment, the orga- 
nophosphorus compound comprises one or more bisphenol 
A diphosphate ("RPA-DP") esters according to formula (8), 
wherein R tJ , R 7 , R ft and R t , are each phenyl, a, b, c and d arc- 
each I, and X is a divalent aromatic radical of the structural 
formula (VIII): 




[0060] and n is an integer from 1 to 5. 

[0061] More preferably, the organophosphorus compound 
comprises a blend of BPA- DP oligomers, wherein n for each 
oligomer is an integer of from 1 to 5 and the blend has an 
average n value of greater than 1 to less than 5, more 
preferably from greater than 1 to less than 3, and even more 
preferably, from greater than 1 to less than 2. 

[0062] In another preferred embodiment, the organophos- 
phorus compound component of the composition of the 
present invention comprises a mixture of from about 1 to 
about 99 wt % of one or more 13 PA- DP esters and about 1 
to about 99 wt % of one or more RDP esters. 

[0063] It has been found that acid species and/or acid 
precursors, which, under conditions of elevated heat and 
humidity, lead to the in-situ formation of acid species, arc 
typically present as impurities in the above described orga- 
nophosphorus compounds. Such impurities may result from 
such sources as, for example, catalyst residues, unreacted 
starting materials, such as, for example, phosphoryl halides 
or phosphoric acid derivatives, or from unstable phosphate 
esters of decomposition products. It has also been found that 
the use of a organophosphorus compound that has a high 
level of such acid species and/or such acid precursors as a 
flame retardant additive in a thermoplastic resin composition 
compromises the hydrolytic stability of the thermoplastic 
resin composition. These acid species may be titratable 
species and/or acid generating species that are not titratable 
but determinable by alternative analytical methods. 

[0064] In a preferred embodiment, the organophosphorus 
compound is characterized by high purity, such that any acid 
or acid-generating impurities present in the compound do 
not exceed a level at which the combined amount of any acid 
initially present in the compound and any acid that may be 
generated in-situ under hydrolytic conditions from any acid- 
generating impurities present in the compound is equivalent 
to a titratable acid level of less than about 1.0 milligrams 
("nig"), more preferably from 0 to about 0.5 mg and even 
more preferably from 0 to about 0.15 mg, of potassium 
hydroxide per gram of the organophosphorus compound. 
The lower the level of acid and acid-generating impurities 
present in the organophosphate Ha me retardant component 
of the thermoplastic resin composition of the present inven- 
tion, the belter the hydrolytic stability of the thermoplastic 
resin composition. 

[0065] In a preferred embodiment, the organophosphorus 
compound has an acid content that is neu Ira li /.able by a 
titration addition of from 0 to the equivalent of about 1 .0 mg, 
more preferably from 0 to a I mm 0.5 mg and even more 
preferably from 0 about 0.1 mg, of potassium hydroxide 
("K.OII") per gram of organophosphorus compound. The 
acid level of the organophosphorus compound is measured 
by dissolving a sample of the organophosphorus compound 
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in isopropanol and ihcn titrating the resultant solution with 
a 0.1 N aqueous solution of KO II to a bromopheuol blue end 
point. 

[0066] In a more highly preferred embodiment, the orga- 
nophosphorus compound has a hydrolyzahle chloride con- 
tent of from 0 to 100 parts per million ("ppm"), more 
preferably from 0 to 50 ppm and still more preferably from 
0 to 20 ppm, basal on the weight of the orga no phosphorus 
compound. The chloride content of the organophosphorus 
compound is measured by conventional gas or liquid chro- 
matographic techniques. 

[0067] In a more highly preferred embodiment the orga- 
nophosphorus compound has an alkenylphenyl cliphenyl 
phosphate content of from 0 to 20110 ppm, more preferably 
from 0 to KMX I ppm and still more preferably from 0 to 500 
ppm, based on the weight of the organophosphorus com- 
pound. Alkenylphenyl cliphenyl phosphates include, for 
example, isopropenylphenyl cliphenyl phosphate and 
isobutenylphenyl di phenyl phosphate. The alkenylphenyl 
diphenyl phosphate content of the organophosphorus com- 
pound is measured by conventional chromatographic tech- 
niques, preferably by reverse phase high pressure liquid 
chromatography. 

[0068] In a more highly preferred embodiment, the orga- 
nophosphorus compound has a magnesium content of from 
0 to 1000 ppm, more preferably from 0 to 500 ppm and still 
more preferably from 0 to 250 ppm, based on the weight of 
the organophosphorus compound. The magnesium content 
of the organophosphorus compound is measured by conven- 
tional atomic absorption techniques. 

[0069] In a preferred embodiment, the composition of the 
present invention includes a fiuoropolymer, in an amount, 
typically from 0.01 to 0.5 pbw fiuoropolymer per 100 pbw 
of the thermoplastic resin composition, effective to provide 
anti-drip properties to the resin composition. Suitable Huo- 
ropolymers and methods for making such fiuoropolymers 
are known, see, for example, U.S Pat. Nos. 3,671,487, 
3,723,373 and 3,383,092. Suitable fiuoropolymers include 
homopolymers and copolymers that comprise structural 
units derived from one or more Huorinated olefin monomers. 
The term "Huorinated olefin monomer" means an olefin 
monomer that includes at least one fluorine atom substituent. 
Suitable Huorinated olefin monomers include, for example, 
tluoroethylenes such as, for example, CF,=CF,, 
CUI—CF., CH,=CF„ CH.=CHF, CC1F=CF\, 
CCI 2 =CI\, COF=CClF, CMF=CC1 2 , CII 2 =CCIF, and 
CCh— CC1F and fluoropropylenes such as, for example, 
CF-CF=CF\, Cl ; 3 CF==CHF, CF 3 CH==CF., 

CF3C! I=CI K, CT,CF=CI IF, CI IFXI I— CI IF and 
CF 3 CM=CH ; . In a preferred embodiment, the Huorinated 
olefin monomer is one or more of tetralluoroethylene 
(Cf 2 =CF 2 ), chlorotrichloroethylene (CCIF=CK 2 ), 
vinvlidene Huoride (CTU—CF,) and hexalluoropropyleue 
( ('l' 2 =CFCl%). 

[IMI70] Suitable Huorinated olefin homopolymers include, 
for example, poly(teira-lluorocihylene), poly(hexa(lnoroet- 
hylene). 

[0071] Suitable Huorinated olefin copolymers include 
copolymers comprising structural units derived from two or 
more Huorinated olefin copolymers such as, for example, 
polvOeiraHuoroethylene-hexaHuoroethylene), and copoly- 



mers comprising structural units derived from one or more 
Huorinated monomers and one or more nou-lluorinatcd 
11 10 noe I hylenically unsaturated monomers that are eopoly- 
meri/able with the Huorinated monomers such as, for 
example, pt)ly(tetratluoroelhyIene-ethytene-propytene)co- 
polymers. Suitable non-lluorinated monoethylenically 
unsaturated monomers include, for example, olefin mono- 
mers such as, for example, ethylene, propylene butene, 
acrylate monomers such as, for example, methyl methacry- 
late, butyl acrylate, vinyl ethers, such as, for example, 
cyclohexyl vinyl ether, ethyl vinyl ether, n-butyl vinyl ether, 
vinyl esters such as, for example, vinyl acetate, vinyl ver- 
satate. 

[0072] In a preferred embodiment, the fiuoropolymer par- 
ticles range in size from 50 to 500 nni. as measured by 
electron microscopy. 

[0073] In a highly preferred embodiment, the fiuoropoly- 
mer is a poly(tetratluoroethylene)homopolymer ("KITE"). 

[0074] Since direct incorporation of a Huoropolymer into 
a thermoplastic resin composition tends to be difficult, it is 
preferred that the Huoropolymer be pre-blcndcd in some 
manner with a second polymer such as for, example an 
aromatic polycarbonate resin or a styrene-acrylonitrile resin. 
Methods for making suitable pre-blends are known. For 
example, an aqueous dispersion of Huoropolymer and a 
polycarbonate resin may be steam precipitated to form a 
fiuoropolymer concentrate for use as a drip inhibitor additive 
in thermoplastic resin composition, as disclosed in, for 
example, U.S. Pat. No. 5,521,230 or, alternatively, an aque- 
ous styrene-acrylonitrile resin emulsion or an aqueous acry- 
lonitrile-buladiene-styrene resin emulsion and then precipi- 
tating and drying the co -coagulated Huoropolymer- 
ihermoplastic resin composition to provide a PTFE- 
thermoplastic resin powder as disclosed in for example, U.S 
Pal. No. 4,579,906. 

[0075] In a preferred embodiment, the Huoropolymer 
additive comprises from 30 to 70 wt %, more preferably 40 
to 60 wt %, of the Huoropolymer and from 30 to 70 wt %, 
more preferably 40 to 60 wt of the second polymer. 

[0076] In a preferred embodiment, a Huoropolymer addi- 
tive is made by emulsion polymerization of one or more 
monoethylenicaUy unsaturated monomers in the presence of 
the aqueous Huoropolymer dispersion of the present inven- 
tion to form a second polymer in the presence of the 
Huoropolymer. Suitable monoethylenically unsaturated 
monomers are disclosed above. The emulsion is then pre- 
cipitated, for example, by addition of sulfuric acid. The 
precipitate isdewalered, for example, by centrifugalion, and 
then dried to form a Huoropolymer additive that comprises 
Huoropolymer and an associated second polymer. The dry 
emulsion polymerized Huoropolymer additive is in the form 
of a free -Ho wing powder. 

[0077] In a preferred embodiment, the monoethylenically 
unsaturated monomers that are emulsion polymerized to 
form the second polymer comprise one or more monomers 
selected from vinyl aromatic monomers, monoethylenically 
unsaturated nitrite monomer and (C t -C, ,)alkyl (melh)acry- 
late monomers. Suitable vinyl aromatic monomers, mono- 
ethylenically unsaturated nitrile monomer and (C r C l2 )alkyl 
(meth)acrylate monomers are disclosed above. 

[007S] In a highly preferred embodiment, the second poly- 
mer comprises structural units derived from styrene and 



US 2003/0158305 A 1 



7 



Aug. 21,2003 



aery lonit rile. More preferably, the second polymer com- 
prises IV* mi (A) to 90 wt % struct ura 1 units derived faun 
slyrene aiul from 10 lo M) wt % structural units derived from 
acrylonilrile. 

[0079] The emulsion polymerization reaction mixture may 
optionally include emulsified or dispersed panicles of a third 
polymer, such as, for example, an emulsified butadiene 
rubber latex. 

[0080] The emulsion polymerization reaction is initiated 
using a conventional free radical initiator such as, for 
example, an organic peroxide compound, such as, for 
example, benzoyl peroxide, a persulfate compound, such as, 
for example, potassium persulfate, an azonilrile compound 
such as, for example, 2,2'-azobis-2,3,3-lrimelhyIbutyruni- 
trile, or a redox initiator system, such as, for example, a 
combination of cumene hydroperoxide, ferrous sulfate, let- 
rasodiurn pyrophosphate and a reducing sugar or sodium 
formaldehyde sulfoxylate. 

[0081] A chain transfer agent such as, for example, a 
(C y -C 13 )alkyl mercaptan compound such as nonyl mercap- 
tan, t-dodecyl mercaptan, may, optionally, be added to the 
reaction vessel during the polymerization reaction lo reduce 
the molecular weight of the second polymer. In a preferred 
embodiment, no chain transfer agent is used. 

[0082] In a preferred embodiment, the stabilized 11 uo- 
ropolymer dispersion is charged to a reaction vessel and 
heated with stirring. The initiator system and the one or more 
monoethylenically unsaturated monomers are then charged 
to Ihe reaction vessel and healed to polymerize the mono- 
mers in the presence of ihe lluoropolymer particles of the 
dispersion to thereby form the second polymer. 

[0083] Suitable lluoropolymer additives and emulsion 
polymerization methods are disclosed in EP 0 739 914 Al. 

[0084] In a preferred embodiment, the second polymer 
exhibits a number average molecular weight of from 30,000 
to 200,000 g/mol. 

[0085] The thermoplastic resin composition of the present 
invention may optionally also contain various conventional 
additives, such as: antioxidants, such as, for example, orga- 
nophosphiles, for example, tris(nonyl-phenyl)phosphite, 
(2,4,6-lri-lert-bulylphenyIK2-bu»yI-2-elhyl- 1 ,3-pro- 
panediol)phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol 
diphosphite or distearyl pentaerythrilol diphosphite, as well 
as alkylated monophunols, polyphenols, alkylated reaction 
products of polyphenols with diencs, such as, for example, 
buiylated reaction products of para-crcsol and dicyclopen- 
tadiene, alkylated hydroquinones, hydroxylated thiodiphe- 
riyl ethers, alkylidene-bisphenols, benzyl compounds, acy- 
laminophenols, eslers of bela-(3,5-di-lert-butyl-4- 
h y drox yp he nol)-prop ionic acid with monohydric or 
polyhydric alcohols, eslers of beta-(5-tert-bulyl-4-hydroxy- 
3-methylphenyl)propioiiic acid with monohydric or polyhy- 
dric alcohols, esters of l>eta-(5-lert-butyl-4-hydroxy-3-me- 
thylphenyOpropionic acid with mono-or polyhydric 
alcohols, esters of ihioalkyl or thioaryl compounds, such as, 
for example, disiearylihiopropionale, dilanrylihiopropi- 
onate, d il r idecy I ihiodi propionate, amides of beta-(3,5-di- 
tert-buiyl-4-hydroxyphenol)-propionie acid; UV absorbers 
and light stabilizers such as, for example, 2-(2 ! -hydroxyphc- 
nyO-bcnzotriazoles, 2-Mydroxy-bcnzophenones; eslers of 
substituted and unsubstituted benzoic acids, acrylates; fillers 



a i ul reinforcing agents, such as, for example, silicates, TiO : , 
glass libers, carbon black, graphite, calcium carbonate, talc, 
mica; other additives such as, for example, lubricants such 
as, for example, pcnlacrylhrilol lelrastearale, EBS wax, 
silicone lluids, plasiicizers, optical brighteners, pigments, 
dyes, colorants, tlameprooling agents; anti-static agents; 
blowing agenls, as well as other 11a me reiarding agents in 
addition to the above described organophosphoriis coin- 
pounds. 

Examples 1-4 

[0086] The compositions of Examples 1-4 of the present 
invention were prepared in by combining the following 
components in the relative amounts set forth, in pbw, below 
in TABLE I. 



PC A linear polycarbonate resin derived from hisphenol A and 

phosgene and having an intrinsic viscosity of 0.4tf dl/gm. 

ABS linmlsion polymerized aerylonitrile-hutadiene-styrene graft 

copolymer comprising 50 pbw of a discontinuous elastomeric 
phase (polybuladicne) and 50 pbw of a rigid thermoplastic 
phase (copolymer of 75 pbw styiene and 25 pbw 

SAN aery Ion itrile). Styiene-nerylonitrile copolymer 

(75 pbw styrene/25 pbw acryloiiilrile). 

RDP Mixture of resoreinol diphosphate oligomers with average 

5degree of polymerization of 1.13 and having an acid level of 
less than 0.1 mg fCOH per gram. 

TSAN: Additive made by copolymeriztng slyrene and acrylonilrile in 
the presence of an aqueous dispersion of PTFE (50 pbw 
PTFE. 50 pbw of a styrene-acrylonitrile copolymer containing 
75 wt 7o styrene and 25 wt % acrylonilrile). 

BPA-DP-1 Mixture of bisphenol A diphosphate oligomers with average 
degree of polymerization of 'I .OR 

IJPA-OP-2 Mixture of hisphenol A diphosphate oligomers with average 
degree of polymerization of 1.08. 

BPA-DP-3 Mixture of bisphenol A diphosphate oligomers with average 
degree of polymerization of 1.08. 



[0087] The acid level, hydrolyzable chloride content, 
Magnesium content and diphenyl isopropenylphenyl phos- 
phate content of KPA-DP-l, HPA-DP-2 and UPA-DF-3 were 
determined. Results are set forth below in TABLE I. 



TABLE I 





I3PA-DP-1 


BPA-DP-2 


IJPA-DP-3 


Acid level (mg KOH/g) 


<U.01 


<0.<J1 


<0.02 


Hydro! yznble chloride content (ppm) 


1450 


■■*>"? 


4 


Magnesium content (ppm) 


576 


1296 


<60 


Isopropenylphenyl diphenyl 








phosphate content (wt Co) 


>v:b 




<\% 



[00X8] The following general procedure was followed in 
preparing and testing thu compositions of Examples 1-4. 
Well mixed dry blends of the components of the composi- 
tions were prepared by dispersing the components in a 
llenschel mixer. These dry blends were extruded on a 
laboratory twin screw extruders at a temperature of about 
250° C to about 300° C. and test specimens were then 
molded on a .30 Ion Engel injection molder with a nominal 
melt temperature of about 465° F. 

[0089] ASTM type I tensile bar of each of Ihe composi- 
tions were molded and tested. Ilydrolytic stability was 
measured by exposing pari of a tensile bar to 100° C. and 
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10(f% relative humidity for various periods of lime ("l"). A 
part of I lie bar was then cut olf and the polycarbonate weight 
average molecular weight ("Mw") was determined by gel 
permeation chromatography (C11 J C). All molecular weights 
are reported relative to mono-dispersc polystyrene standards 
of known molecular weight. 

[WW0] The results of weight average molecular weight 
determination of specimens upon exposure to temperature 
and humidity for various times ("Mw (g/molxUr 3 ), after 
aging at 100° (\ and 100% KM for residence time t (hr)'*) are 
set forth in TAIM.li II for each of Examples 1-4. 



TABLE II 





1 




3 


4 


PC 


70.05 


07.75 


67.75 


67.75 


ABS 


9 


9 


9 


9 


SAN 


8.3 


8.3 


8.3 


8.3 


PTFE/PC 


0.4 


0.4 


0.4 


0.4 


ROV 


11.5 








1) PA-DP- J 




■J 3.3 






DPA-DP-2 






13.8 




BPA-DP-3 








13.8 


Stabilizers and 


0.75 


0.75 


0. 75 


0.75 


Lubricants 










Mw (g/mol x JO" 3 ). 










after aging lit 100° C. 










and 100% RH lor 










residence time t (hr) 










t = 0 


52.7 


44 


52.9 


53.3 


t = 3.75 


52.1 


42.4 


48. H 


52.1 


t « 6.5 


4S.8 


41.2 


47.5 


51.5 


t = 12 


46.8 


41.6 


45.1 


49.3 


t = 15 


43.5 


40 


41.6 


50.2 


l = 10 


39.5 


38.8 


38.3 


48.7 


t =- 24 


32.2 


36.4 


34.1 


47.9 



[0091] 11k composition of Example 4 exhibited improved 
stability, as shown by the relatively small change in molecu- 
lar weight under the aging conditions. 

What is claimed is: 

1. A thermoplastic resin composition, comprising: 

(a) a thermoplastic resin comprising at least one aromatic 
polycarbonate resin, and 

(b) a llamc-retarding amount of an organophosphorus 
flame retardanl compound, wherein any acids initially 
present in the compound and any acid -gene rating impu- 
rities initially present in the compound do not exceed a 
level at which the combined amount of any such acids 
and any acids that may be generated under hydrolytic 
conditions from any such acid generating impurities is 
equivalent to a I it rat able acid level of less than about 
1.0 milligram of potassium hydroxide per grain of the 
( >rga noph< isphi > rus com pi > u nd . 

2. The composition of claim I, wherein the organophos- 
phorus compound has a titralable acid level of from 0 to 1 .0 
milligram of potassium hydroxide per gram of the organo- 
phosphorus com pou nd 

3. The composition of claim 1, wherein the organophos- 
phorus compound has a hydro ly /able chloride content of 
from 0 to 100 parts by weight per million parts by weight of 
the organophosphorus compound. 

4. The composition of claim I , wherein the organophos- 
phorus compound has a magnesium content of from 0 to 



1000 parts by weight per million parts by weight of the 
organophosphorus compound. 

5. The composition of claim I, wherein the organophos- 
phorus compound is according to the structural formula: 

0 o 

II II 

K (0) a — 1> — O-f-X— O — P (Ojj-^Rft 

(OJb (<'»c 

1 I 

1<7 1<8 

wherein Rrt, R7, R8 and R9 are each independently aryl, 
optionally substituted with halo or (Cl-Co)alkyl, 

X is arylene, optionally substituted with halo or (CL- 
C6)alkyl, 

a, b, c and d are each independently 0 or 1, and 
n is an integer from 0 to 5, 

6. The composition of claim 5, wherein X is a divalent 
radical containing two or more aromatic rings joined by a 
non-aromatic linkage, any of which may be substituted at 
one or more sites on the aromatic ring with a halo group or 
(Cl-C6)alkyl group and wherein the organophosphorus has 
an alkenyl phenyl diphenyl phosphate content of from 0 to 
2000 parts by weight per mllion parts by weight of the 
organophosphorus compound. 

7. The composition of claim 1, wherein the aromatic 
polycarbonate resin is derived from bisphenol and phosgene. 

8. The composition of claim 1, wherein component (a) of 
the composition further comprises a vinyl aromatic graft 
copolymer. 

9. The composition of claim 8, wherein the vinyl aromatic 
graft copolymer comprises an aerylonilrile-buladicne-sly- 
rene graft copolymer. 

10. The composition of claim 9, further comprising a 
styrene-acrylonitrile copolymer. 

11. The composition of claim 1, further comprising a 
lluoropolymer, in an amount effective to provide anti-drip 
properties to the resin composition. 

12. The composition of claim 5, wherein R (i , R 7 , R H and 
R y are each phenyl, a, b, c and d are each 1, and X is a 
divalent aromatic radical of the structural formula: 

oro 

Ctb 

and n is an integer from 1 to 5. 

13. A shaped article molded from the composition of 
claim I. 

14. A process for making a tlame retardanl themoplastic 
resin composition, comprising combining a thermoplastic 
resin, said resin comprising at least on aromatic polycar- 
bonate resin, and a flame-retarding amount of an organo- 
phosphorus flame re I aidant compound, wherein any acids 
initially present in the compound and any acid -gene rating 
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impurities initially present in the compound do not exceed a 
level at which the combined amount of any such acids and 
any acids that may he generated under hydrolytic cut id i I ions 
from any such acid genera ling impurities is equivalent to a 
li (ratable acid level of less than about 1.(1 milligram of 
potassium hydroxide per gram of the organophosphorus 
com pou nd. 



15. A thermoplastic resin composition made by the pro- 
cess of claim 14. 

16. A shaped article made by molding a thermoplastic 
resin composition made by the process of claim 14. 

* ;|t * + * 



